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INTRODUCTION

Two floating structures, the Homer Hadley Bridge (Bridge No. 90/25N) and the Lacey V.
Murrow Bridge (Bridge No. 90/25S) carry Interstate [-90 between Seattle and Mercer
Island. The Homer Hadley (HH) Bridge is the larger of the two structures and is located
north of Lacey V. Murrow (LVM) Bridge, and carries three lanes of westbound traffic
towards Seattle. It also has two reversible express lanes which carry traffic in both
directions depending on the time of the day. The LVM Bridge carries three lanes of
eastbound traffic towards Mercer Island. The HH Bridge was completed in 1989 and is
comprised of 18 floating concrete pontoons and the LVM Bridge was completed in 1993
and is comprised of 20 floating concrete pontoons. Steel cables anchor the pontoons in
place. An impressed current cathodic protection system is installed on each cable to
prevent corrosion and increase its service life.

An in-depth inspection of all cathodic protection systems was conducted between May 2
and May 19, 2004. This report documents the findings of the inspection and provides
recommendations for effective implementation of cathodic protection technology.

EXECUTIVE SUMMARY

Both the HH and the LVM bridges are comprised of floating concrete pontoons. The
pontoons are anchored in place by steel cables. An impressed current cathodic protection
system is installed on each cable to prevent premature failure due to corrosion. All
cathodic protection systems are collectively designated as “the Cathodic Protection
System,” and each individual system on each cable is designated as a cathodic protection
zone. Each cathodic protection zone is comprised of a rectifier and an anode assembly.
The rectifier provides DC current to the platinum-niobium anode through appropriate
wiring.

A visual inspection of all components of the Cathodic Protection System was conducted.
Each anode assembly was pulled out and visually observed and its length estimated and
documented. Standard system operating parameters were measured and depolarization
and polarization testing were performed.

Visual survey of all anodes of the HH Bridge indicated that 31% of the anodes have
failed at or in the endcap (contains mechanical connection between the copper wire and
the anode wire) and need to be replaced. The associated cables are presently not
protected. The construction quality of the endcaps is not adequate and may have resulted
in such a high frequency of failure. In addition, almost all anodes exhibit some level of
anode degradation adjacent to the endcaps. Varying lengths of anode wire adjacent to the
endcap exhibit complete consumption of platinum coating. In fresh water application,
two different criteria are used to ascertain the level of protection provided by a cathodic
protection system. The criterion most commonly used requires the polarized potential of
the cable to be more negative than -0.800 V with respect to a silver-silver chloride
reference electrode for complete protection. The second criterion requires a shift of
0.300 V in the potential of the cable upon application of cathodic protection. The -0.800
V criterion was met by 58% and 81% of the zones of HH Bridge during depolarization
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and polarization testing, respectively. The 0.300 V shift criterion was satisfied by 38%
and 69% of the zones during depolarization and polarization testing, respectively. This
level of protection is considered to be inadequate to completely protect the cables from
premature failure due to corrosion.

The condition of the newer LVM Bridge cathodic protection system was somewhat
better. The failure frequency of the anodes in this bridge was 9%. Also, the -800 mV
criterion was met by 82% and 88% of the zones during depolarization and polarization
testing, respectively. However, the 0.300 V shift requirement was only met by 4% and
2% of the zones during depolarization and polarization testing, respectively.

Review of the underwater inspection report dated July 2002 suggests that corrosion on
certain sections of the cables is ongoing. Corrosion is more severe on the HH Bridge
cables and seems to be more concentrated near the pontoon ports, 15 to 20 feet above the
top of the submerged anodes. Corrosion on the cables of the LVM Bridge is ongoing,
however somewhat slower than the HH Bridge and is noticeable near the pontoon ports
on the longitudinal cables. The higher level of corrosion near pontoon ports and higher
consumption of the anode material at the top few inches of the anode wire suggest that a
higher current demand produced by the corrosion near the pontoon ports concentrated a
higher level of current density on the top few inches of the anode wire, thereby, resulting
in faster consumption of the anode in the top few inches.

The results of this inspection and the earlier underwater inspection suggest that a more
aggressive maintenance and monitoring program is required. Replacement of the missing
or damaged anodes and non-operational rectifiers should be a high priority and should be
competed within the next 12 months. In addition, the length of the ropes holding up the
anodes should be adjusted to raise the top of the anode wire to just below the bottom of
the pontoon. Due to the low efficiency at which the system is operating a follow up
inspection is recommended immediately after the completion of the anode and rectifier
maintenance. A system monitoring and control plan is not in place and it is
recommended that one be developed and implemented within the next year. This would
provide the necessary guidance to the maintenance crew. At present the maintenance
crew has no guidelines to operate and maintain the system. The platinum-niobium anode
is not particularly suited for this application; an upgrade to the titanium based anode in
the next 5 years is recommended.
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DESCRIPTION OF THE CATHODIC PROTECTION
SYSTEM

Two floating structures, the Homer Hadley Bridge (Bridge No. 90/25N) and the Lacey V.
Murrow Bridge (Bridge No. 90/25S) carry Interstate [-90 between Seattle and Mercer
Island. The Homer Hadley (HH) Bridge is the larger of the two structures and is located
north of Lacey V. Murrow (LVM) Bridge, and carries three lanes of westbound traffic
towards Seattle. It also has two reversible express lanes which carry traffic in both
directions depending on the time of the day. The LVM bridge carries three lanes of
eastbond traffic towards Mercer Island.

The HH Bridge was completed in 1989 and is comprised of 18 floating concrete pontoons
designated as Pontoon A at the Seattle end of the bridge to Pontoon R located at the
Mercer Island end. The Pontoons are anchored to the lake floor with steel cables which
maintain the alignment of the structure. The end pontoons, A and R, are aligned in the
north-south direction and are anchored with four cables each, two on the north end and
two on the south end of the pontoons. Pontoons B to Q are aligned in the east-west
direction and are anchored in place by two perpendicular cables one on the north side and
one on the south side, except Pontoon J. In addition to having the north and the south
cables, Pontoon J has 12 longitudinal cables, six of which are located on the north side
and six on the south side. The layout of the pontoons and the cables is presented in
Figure A-1 in Appendix A.

The LVM Bridge was completed in 1993 and is comprised of 20 floating concrete
pontoons designated as Pontoons A to T from Seattle to Mercer Island (west to east).
The makeup of LVM bridge is very similar to the HH with Pontoons A and T aligned in
the north-south directions anchored with four cables each and the rest of the pontoons
aligned in the east-west direction anchored in place by two cables with the exception of
Pontoon F and G. Pontoon F has 8 longitudinal cables and Pontoon G has 4 longitudinal
cables.

The cable assembly on each pontoon is comprised of the anchor, the steel cable, and the
tensioning assembly. The portions of the cables submerged in water are protected by an
impressed current cathodic protection system. Each cable is protected by an independent
cathodic protection zone comprising of a rectifier and a platinum-niobium anode. The
anode assembly is comprised of a rope to lower the anode, copper wire to supply the
impressed current, the anode, and termination cap. The connection between the copper
wire and the anode is made in the endcap. The anode assemblies are also submerged in
water adjacent to the cable to be protected and the length of the platinum-niobium anode
varies from one system to another. The anode assemblies are positioned such that the top
of the anode wire is approximately 15 to 20 feet below the bottom of the pontoon. The
rectifiers are located inside the associated pontoon close to the subject cables tensioning
assembly. There are a total of 52 impressed current cathodic protection zones on the HH
Bridge and 56 zones on the LVM Bridge.
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TESTING PERFORMED

An in-depth inspection of the impressed current cathodic protection system was
performed between May 2-19, 2004 by CONCORR, Inc. and Hardesty and Hanover
personnel. Washington State Department of Transportation Maintenance personnel
assisted in the inspections by providing boats and vehicles to access the required
locations, access to the anodes and the rectifiers, and assisted in the inspection. They also
provided relevant information pertaining to the maintenance and operation of the
systems.

VISUAL SURVEY

A visual survey of the rectifiers and the anodes was conducted. Each anode cable was
retrieved from the lake and its condition was visually observed and documented. In
addition the overall length of the anode was estimated. The length of each anode was
estimated by measuring the diameter of the circle and counting the number of loops

produced when the anode was coiled into a circular hoop (see Figure A-2 in Appendix
A).

SYSTEM OPERATION PARAMETERS

All system operation parameters were measured for each impressed current cathodic
protection system and included, true root mean square (TRMS) system current, TRMS
system voltage, anode “on” and “off” potentials, and cable “on” and “off” potentials.
The accuracy of the rectifier panel instruments was also verified. The “on” potential is
the TRMS potential and “off” potential is IR-drop free potential.

The system current and voltage were read from the rectifier panel meters. These
measurements were verified by measuring system current as a voltage drop across the
shunt provided in each rectifier and measuring the system voltage across the output
terminals. The value from the shunts varied from one make of rectifier to another make.

The anode and cable potentials were measured using a portable silver-silver chloride
reference cell designed for use in a marine environment. The reference cell was
submerged in the water and it was connected to the negative terminal of the multimeter.
The positive terminal of the multimeter was connected to either the positive (i.e. anode)
or the negative (i.e. cable) terminal of the rectifier (see Figure A-3 in Appendix A). The
“on” potential was measured as the TRMS value of the voltage across the reference cell
and the cable or the anode. The “off” potential was measured when the rectifier current
output went to zero. As the rectifier output is not filtered, the “off” potential of the anode
and anchor cables can be obtained by measuring the minimum and maximum peak of the
waveform, respectively. The peaks of the waveforms can be measured by using the min-
max function of the multimeter.

One of the challenges that had to be overcome during the inspection was to submerge the
reference cell in the water and simultaneously connect to the cable or the anode wire in
the rectifier. On the LVM Bridge, this was accomplished by dropping the reference cell
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in the water adjacent to the access hatch located on the north side and routing the
reference cell cable to the rectifier through the hatch. On the HH Bridge the reference
cell had to be routed through the cable port in each pontoon to the outside and then
dropped in water.

DEPOLARIZATIONIPOLARIZATION TESTING

After system operation parameters including instant-off potentials of the anode and the
steel cables were measured, all rectifiers were powered down and the systems were
allowed to depolarize for several days. Subsequent to four (4) days of depolarization,
static potential of the cables and the anodes were measured. During measurement of
static potentials it was realized that a few of the rectifiers had not been powered down
and for those systems, the static potentials could not be measured. Subsequent to that the
rectifiers were powered up and the systems were allowed to stabilize for three (3) days
prior to measuring operating parameters and instant-off potentials for polarization testing.

TEST FINDINGS

VISUAL SURVEY

All cathodic protection components, especially the anodes were visually inspected. Each
and every anode was pulled out of the water, visually inspected and its length estimated.
Photographic documentation of typical deterioration was made.

Homer Hadley Bridge

There are a total of 52 rectifiers and 52 anodes installed on this bridge. At the start of the
inspection 12 out of the 52 rectifiers were powered down due to missing or damaged
anodes. During inspection, two additional anodes were observed to be missing; however
the rectifiers feeding power to these anodes were on. While conducting the evaluation
two more anodes failed when they were pulled out of the water for inspection and had to
be removed. At the end of the inspection, 36 of the 52 zones or 69% of the zones were
functional.

The detailed results of the visual survey are presented in Table B-1 in Appendix B.
Almost every anode exhibited some form of degradation or failure. Accelerated
consumption of platinum at the top of the anode, just below the endcap was prevalent
(see Figure A-4 of the Appendix A). This is attributed to excessive current density at this
location. Similar damage was also observed at the bottom of the anodes. The anode of
Zone JLON had failed at an intermediate length. The cause of failure was not
investigated. The condition of many of the endcaps was not satisfactory. Some had
started to deteriorate and water was penetrating inside the caps. In some endcaps the
mechanical crimp is extending outside the endcap and water can easily penetrate inside it
(see Figure A-5 of Appendix A). In general, the quality of the endcaps is considered to
be poor considering the environment it is to be used in. Water penetration inside the caps
can result in failure of the connection due to corrosion of the copper in the crimps. The
length of the cables varied from one anode to another. It is not known if the varying
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lengths of the anodes were intentional to meet the current density requirements or they
were the result of poor workmanship. Considering that the length of the cables vary due
to depth of water, the length of the anodes may have been varied to keep the output
current density of the anode under its rated capacity.

The accelerated consumption of platinum coating on the anodes on the top few inches is
believed to have resulted due to improper placement of the anodes in the water. The tops
of the anodes are located some 15 to 20 feet below the pontoon port. The visual
inspection of the cables conducted in July 2002 suggests that the majority of the
corrosion on the cables is occurring on the section of the cables near the pontoon port.
This may be resulting from higher oxygen availability in the top layers of water in the
lake. Therefore, a higher current density demand on the top few inches of the cable is
expected and that can lead to accelerated consumption of the platinum coating.

Lacey V. Murrow

There are a total of 56 rectifiers and 64 anodes. Several zones have two anodes instead of
one. At the start of the inspection a total of 5 rectifiers were powered down due to failed
anodes. At the end of the inspection a total of 50 zones were operational.

The detailed results of the visual survey are presented in Table B-2 of the Appendix. The
condition of the anodes was generally much better than that of the Homer Hadley Bridge.
Failure of anodes was generally occurring at intermediate lengths suggesting a different
mode of failure than the HH Bridge.

DEPOLARIZATIONIPOLARIZATION TESTING

Many practitioners use polarization (i.e. change in its potential resulting from cathodic
protection) of the protected element, the cables for determining the adequacy of the
cathodic protection system. The shift in potential is dependent on many variables
including the environment. A shift of 0.300 V is considered to be adequate for most
environments. In fresh water the -0.800 V criterion is considered to be more relevant and
a more stringent criterion. This criterion requires that the polarized potential of the cable
be lower than -0.800 V with respect to silver-silver chloride reference cell.

Homer Hadley Bridge

Of the 52 cathodic protection zones on the HH Bridge, twelve (12) zones were not
powered due to missing anodes, in two (2) additional zones anodes were observed to be
missing during the inspection, and in two zones, anodes broke during visual inspection.
One zone was inadvertently not powered down during initial data collection and
depolarization/polarization data could not be collected. Therefore, depolarization testing
was performed on a total of 37 zones and polarization testing was performed on a total of
35 zones. A summary of the test data presented in Table B-3 of Appendix B indicates
that only 38% and 69% of the zones met the 300 mV criteria during depolarization and
polarization testing respectively and 58% and 81% met the -0.800 V criterion during
depolarization and polarization testing respectively. The average depolarization was
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0.258 V and the average polarization was 0.411 V. These numbers indicate that the
system is not running optimally to provide complete protection for all of the cables. This
confirms the lack of complete protection. The systems will need to be adjusted to
provide a higher level of protection. Detailed test data is presented in Tables B-4 and B-5
of Appendix B.

Lacey V. Murrow

Of the 56 zones, 5 were powered down at the start of the inspection. One of the systems
had one functional anode and therefore was reenergized during the inspection and
polarization testing was performed. During inspection 3 zones were inadvertently left on
and no depolarization or polarization data could be collected and 2 zones were
inadvertently left off and no polarization data could be collected. Therefore,
depolarization testing was conducted on 48 zones and polarization testing was conducted
on 47 zones.

The summary in Table B-6 of Appendix B indicates that a very small percentage, 4% and
2% of the zones met the 0.300 V criteria during depolarization and polarization testing
respectively. However, the -0.800 V criteria were met by 82% and 88% of the zones
during depolarization and polarization testing, respectively. The average depolarization
was 0.102 V and the average polarization was 0.158 V. The shift in polarized potentials
is somewhat on the lower side. Detailed test data is presented in Tables B-7 and B-8 of
Appendix B.

The results of the underwater inspection conducted in July 2002 are explainable
considering the performance of the cathodic protection system. Corrosion had slightly
increased since the last inspection and the longitudinal cables were exhibiting more
corrosion near the pontoon ports than the other cables.

Two rectifiers were observed to be malfunctioning, rectifier of Zone DS had a faulty
breaker circuit and that of Zone LS had a malfunctioning rectifier module.

CONCLUSIONS
HomER HADLEY

In general the cathodic protection system is not providing adequate protection to the
cables. The design of the system may have a role to play in the inadequate protection
near the pontoon ports and the level of anode failures observed. A change in anode type,
placement, and the design and construction of the endcaps may alleviate the problem.
Improved maintenance and monitoring will be required to obtain better protection.

LACEY V. MURROW

The magnitude of corrosion documented by the underwater inspection is lower in this
system and the frequency of anode failure is also lower. However, it should be
recognized that it is a newer structure and a newer system than the other HH Bridge.
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Comparatively, the shift in polarized potential is also lower in this bridge and if the
system is operated at the same level, some degree of corrosion on the cables can be
expected. Improved maintenance and monitoring of the system will be required to obtain
complete protection of the cables.

RECOMMENDATIONS

The recommendations are subdivided into maintenance and rehabilitation requirements.
MAINTENANCE
It is recommended that the following actions be taken:

1. Adjust the length of the rope holding each anode to raise the top of the anode wire
to just below the pontoon bottom.

2. Replace all missing and damaged anodes within the next 12 months with alternate
titanium anode design provided in Appendix C.

3. Repair or replace the following rectifiers:
a. Zone DS of LVM Bridge
b. Zone LS of LVM Bridge
BRIDGE PRESERVATION OFFICE FoLLow Up

1. Perform a follow up inspection within a year to ascertain if all cables are

adequately protected.
2. Develop a system monitoring and control plan to insure that the system is run
optimally.
REHABILITATION

1. Upgrade all anodes to titanium anodes in the next 5 years.
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Figure A-1: Layout of Homer Hadley and Lacey V. Murrow Bridges




CONSTRUCTION COST ESTIMATES FOR
REHABILITATION RECOMMENDATIONS

1. Upgrade all anodes to titanium anodes in the next 5 years.

Total Cost
1 Homer Hadle Lacey V. Murrow
Description Unit g on | it Per i i
Units | Cost anode| 4 of HIy
i Total Cost P Total Cost
Materials
Anode each 1 |$325 | $325 52 $16,900 56 $18,200
Cable ft 60 $1 $60 52 $3,120 56 $3,360
Junction Box each 1 $10 | $10 52 $520 56 $560
Splicing Kit each 1 $25 | $25 o $1,300 56 $1,400
Total Material Cost $21,840 $23,520
Labor
Anode manhrs| 4 $60 | $240 52 $12,480 56 $13,440
JunctionBox |manhrs| 05 | $60 | $30 52 $1,560 56 $1,680
Splicing Kit manhrs| 1 $60 | $60 52 $3,120 56 $3,360
Total Labor Cost $17,160 $18,480
Mobilization/Demobilization Cost
Mobilization | | | $10,000 $10,000
Total Mobilization/Demobilization Cost $10,000 $10,000
Contingency on Materials and Labor
Materials(15%) $3,276 $3,528
Labor (15%) $2,574 $2,772
Total Contingency on Mateirals and Labor $5,850 $6,300
NOTE

Construction cost estimates provided are for material and labor only. They do not
include design engineering costs, traffic control, construction management or
administration costs.
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APPENDIX A — FIGURES



Figure A-2: Retrieved Anode Coiled for Measurement
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Figure A-3: Reference Cell Connection for Potential Readings



Figure A-4: Typical Coating Damage at the Endcap

Figure A-5: Crimp Outside the Endcap



APPENDIX B — Tables
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Table B-3: Summary of Depolarization & Polarization Data

Homer Hadley Bridge

Depolarization Polarization

300mV | 800mV | Both | 300mV | 800mV | Both
Totali CP 52 52 52 52 52 52
Zones
Tetal.Zongs 37 38 37 35 36 35
Tested
Total Zones that 14 22 14 24 29 24
met Criteria
0,
 Zongs Higt 38% 58% 38% 69% 81% 69%
met Criteria
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Table B-6: Summary of Depolarization & Polarization Data

Lacey V. Murrow Bridge

Depolarization Polarization

300 mV | 800 mV Both 300 mV | 800 mV Both
Total # CP
=y— 56 56 56 56 56 56
Sotalsomes 48 51 48 47 50 47
Tested
Total Zones that 2 42 5 1 44 1
met Criteria
% Zones that i : L I 1 il
met Critaris 4% 82% 10% 2% 88% 2%
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APPENDIX C — REPLACEMENT TITANIUM ANODE
DESIGN



REPLACEMENT TITANIUM ANODE DESIGN
Lacey V. Murrow and Homer Hadley Bridges

ANODE

Anode: LIDA Tubular Anode (or Alternate US Filter)

Anode #:

Anode Length:
Anode Diameter:
Anode Weight:

Anode Surface Area:

# of Tails:

# of Anodes in a String:

Max Current Rating above 40°F  13.5 A
Max Current Rating below 40°F 9.5 A

CABLE
Insulation
Wire Size:
Cable Length
CABLE/ANODE CONNECTION

Crimp
Weight attached to end of anode

Notes

tal oxide conductive coating

Titanium base with mixed me
2.5/100 :
100 cm
25cm
0.77 Ibs

0.84 ft?
1
1

 Helar/HMWPE (chlorine resistant)
#8
: 60 ft.

: LIDA Crimp (factory installed)
: 5 Ibs.

: Anode shall be supplied ready for installation
Length of the cable can be varied
Either the top of the anode shall be placed below the
bottom of the pontoon or the center of the anode shall
be placed 10 feet below the low mean water line,
whichever is deeper.
The free end of the cable shall be spliced to the
existing cable in a junction box located inside the
pontoon and sealed against moisture ingress.
A 5 Ibs weight shall be attached to the end of the
anode. It shall be factory installed using LIDA crimp



APPENDIX D — Scope of Work



Scope of Work
In Depth Inspection of the Cathodic Protection Systems on
Lacey V Murrow Bridge (90/25S and
Homer Hadley Bridge (90/25N)

I. Inspection

The inspection shall be performed by a NACE Certified Corrosion Specialist/ Cathodic
Protection Specialist. Access to the two bridges will be provided by WSDOT. The
working hours for the maintenance crew is 5:30 AM to 3:00 PM and the inspection shall
be performed during these hours. The bridge is equipped with access and work area
lighting and 120-volt receptacles are available in the vicinity of each CP rectifier.

e Survey the electrical operating parameters of the cathodic protection systems for
the two bridges.

e Survey the condition of the anodes

e Survey the condition of the concrete floating pontoons from a corrosion point of
view.

e Provide a written report documenting the results of the survey and the analysis of
the results. The written report shall consist of both written and photographic
documentation of field conditions. Based on the results of the inspection and
analysis of the data collected recommendations shall be provided for maintenance
and rehabilitation with cost estimates for rehabilitation items.

e At the completion of the inspection a training class will be held for WSDOT
maintenance and Engineering personnel on how to monitor and calibrate the
cathodic protection system.

I1. Deliverables

Deliverables will consist of 2 draft copies for review and a bound original and 6 bound
copies of the final report. The final report shall be stamped and signed by an engineer
licensed in the State of Washington and signed by an NACE certified Corrosion
Specialist/Cathodic Protection Specialist.

° The report will contain all field observations, measurements, maintenance and
rehabilitation recommendations, cost estimates for any rehabilitation
recommendations, color photographs and other supporting documentation.

o Deficiencies will be ranked.

° Recommendations will be made for maintenance and rehabilitation items.

o Cost estimates will be included for all rehabilitation items.

M:/clerical/correspondence/upgradegas02102000.doc






